Abstract. The present study aimed to explore the potential clinical significance of microRNA (miR)-124-3p expression in the hepatocarcinogenesis and development of hepatocellular carcinoma (HCC), as well as the potential target genes of functional HCC pathways. Reverse transcription-quantitative polymerase chain reaction was performed to evaluate the expression of miR-124-3p in 101 HCC and adjacent non-cancerous tissue samples. Additionally, the association between miR-124-3p expression and clinical parameters was also analyzed. Differentially expressed genes identified following miR-124-3p transfection, the prospective target genes predicted in silico and the key genes of HCC obtained from Natural Language Processing (NLP) were integrated to obtain potential target genes of miR-124-3p in HCC. Relevant signaling pathways were assessed with protein-protein interaction (PPI) networks, Gene Ontology (GO) enrichment analysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) and Protein Annotation Through Evolutionary Relationships (PANTHER) pathway enrichment analysis. miR-124-3p expression was significantly reduced in HCC tissues compared with expression in adjacent non-cancerous liver tissues. In HCC, miR-124-3p was demonstrated to be associated with clinical stage. The mean survival time of the low miR-124-3p expression group was reduced compared with that of the high expression group. A total of 132 genes overlapped from differentially expressed genes, miR-124-3p predicted target genes and NLP identified genes. PPI network construction revealed a total of 109 nodes and 386 edges, and 20 key genes were identified. The major enriched terms of three GO categories included regulation of cell proliferation, positive regulation of cellular biosynthetic processes, cell leading edge, cytosol and cell projection, protein kinase activity, transcription activator activity and enzyme binding. KEGG analysis revealed pancreatic cancer, prostate cancer and non-small cell lung cancer as the top three terms. Angiogenesis, the endothelial growth factor receptor signaling pathway and the fibroblast growth factor signaling pathway were identified as the most significant terms in the PANTHER pathway analysis. The present study confirmed that miR-124-3p acts as a tumor suppressor in HCC. miR-124-3p may target multiple genes, exerting its effect spatiotemporally, or in combination with a diverse range of processes in HCC. Functional characterization of miR-124-3p targets will offer novel insight into the molecular changes that occur in HCC progression.
Introduction
MicroRNAs (miRNAs/miRs) are a class of short endogenous non-coding RNAs that suppress gene expression by either degrading mRNA or repressing mRNA translation through complementary binding to their specific target mRNAs in the 3'-untranslated region (1, 2) . Mature miRNAs are small single-stranded RNAs 19-22 nucleotides in length. Increasing evidence suggests that miRNAs are involved in diverse basic biological processes, including cell proliferation, apoptosis and differentiation (3, 4) . Studies have also verified that miRNAs are ectopically expressed in tumors and operate as tumor oncogenes or suppressors during tumor progression, indicating the potential for miRNAs as biomarkers for cancer diagnosis and therapy (2) .
Hepatocellular carcinoma (HCC) is the third leading cause of global cancer-associated mortality, with the highest incidence occurring in Asia (5) . The World Health Organization (WHO) estimates that there are ~56,400 newly diagnosed cases of HCC worldwide per year (6) , with a significantly MicroRNA-124-3p expression and its prospective functional pathways in hepatocellular carcinoma: A quantitative polymerase chain reaction, gene expression omnibus and bioinformatics study higher occurrence in males. Notably, more than half of all HCC cases are diagnosed in China (7) . Multiple risk factors contribute to the occurrence of HCC, including chronic viral hepatitis and alcohol abuse. HCC development typically involves several steps, progressing from chronic hepatitis, cirrhosis and dysplastic nodules to HCC (8) . It has been revealed that miRNAs serve a pivotal role in HCC progression and may provide novel insight for diagnostic and therapeutic HCC strategies (9) . miR-124-3p has been implicated in HCC and its expression has been demonstrated to be downregulated in HCC tissues (2, 10) . Additionally, several target genes of miR-124-3p have been discovered (2, 10, 11) . However, to the best of our knowledge, previous studies combining gene expression omnibus (GEO) data and bioinformatics analysis to explore the mechanisms underlying the role of miR-124-3p in HCC have not been performed. Additionally, previous studies have only focused on a specific target gene of miR-124-3p. Therefore, the potential mechanisms by which miR-124 suppresses tumorigenesis in HCC remain unclear; miR-124-3p may be involved in the regulation of several other undiscovered mRNAs and signaling pathways. The present study investigated miR-124-3p expression and its potential target genes in HCC by combining reverse transcription-quantitative polymerase chain reaction (RT-qPCR) with GEO data, using prediction software and natural language processing (NLP).
The clinical significance of miR-124-3p expression in hepatocarcinogenesis and development and the potential target genes of functional pathways in HCC patients was analyzed. Gene expression profiles were examined from primary HCC samples, literature searches using PubMed were performed and microarray data was downloaded from GEO. miR-124-3p was transfected into the HepG2 cell line to confirm the prospective targeted genes predicted in silico (relevant data were downloaded from GSE6207, GEO Profiles) and key genes of HCC were identified from NLP. The identified differentially expressed genes (DEGs) were subsequently integrated to confirm the potential target genes of miR-124-3p in HCC. Finally, the relevant signaling pathways in HCC were assessed to determine the key genes involved in the maintenance of these pathways, in order to further identify novel therapeutic targets in HCC.
Materials and methods
Tissue specimens. A total of 101 formalin-fixed, paraffinembedded (FFPE) HCC tissues (80 males and 21 females) with clear pathology diagnoses were collected (10% neutral formalin-fixed for 24 h at room temperature). These HCC patients underwent primary surgical resection at the First Affiliated Hospital of Guangxi Medical University (Nanning, China) between January 2012 and February 2014 and did not receive any additional treatment. The age of the HCC patients ranged from 29 to 82 years old, with a mean age of 52 years. Among the 101 cases, 70 were successfully followed up. Clinical stages were classified according to the WHO Tumor-Node-Metastasis (TNM) criteria (12) . Recurrence-free survival (RFS) was defined as the length of time between surgery and recurrence. Additionally, 101 adjacent non-HCC tissues were obtained to serve as internal controls. The present study was approved by the Research Ethics Committee of the First Affiliated Hospital of Guangxi Medical University (Nanning, China), and written informed consent was obtained from all patients.
RNA extraction and RT-qPCR. The total RNA, including miRNA, was isolated from tumor sections using the miRNeasy FFPE kit (Qiagen China Co., Ltd., Shanghai, China), as previously described (13) (14) (15) . The miScript Reverse Transcription and the miScript SYBR-Green PCR kits (218073 and 218161 respectively; Qiagen China Co., Ltd.) were used to evaluate miR-124-3p expression levels. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed in triplicate using the 7900HT PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA), in order to determine miRNA expression. The following temperature protocol was applied: 16˚C for 30 min, 42˚C for 30 min and 85˚C for 5 min. LightCycler 480 SYBR-Green I Master (Roche Diagnostics GmbH) was used for qPCR, with the following thermocycling conditions: Initial pre-denaturation for 5 min at 95˚C, followed by 40 cycles of 95˚C with 10 sec, 60˚C for 10 sec and 72˚C for 10 sec; evaluation of the solubility curve was performed at 95˚C for 5 sec and 65˚C for 1 min, which was followed by cooling at 40˚C for 30 sec. Each experiment was repeated in triplicate. The abundance of miR-124-3p in each sample was normalized to references genes RNU6B and RNU48, which was demonstrated to be a stable internal control in previous studies (16) . The sequences purchased from Applied Biosystems (Thermo Fisher Scientific, Inc.) were as follows: miR-124-3p, 5'-UCG GGG AUC AUC AUG UCA CGA G-3' (cat. no. 4427975-001288), RNU6B, 5'-CGC AAG GAU GAC ACG CAA AUU CGU GAA GCG UUC CAU AUU UUU-3' (cat. no. 4427975-001093); and RNU48, 5'-GAU GAC CCC AGG UAA CUC UGA GUG UGU CGC UGA UGC CAU CAC CGC AGC GCU CUG ACC-3' (cat. no. 4427975-001006). The relevant expression of miR-124-3p was quantified using the formula 2 -∆Cq (17) . A meta-analysis with P-values alone was subsequently conducted to pool the collected data if no relative expression of miR-124-3p was provided. To allow the combination of the P-values from each study, two-tailed P-values were converted into one-tailed P-values by dividing by two. A meta-analysis using Fisher's method was subsequently performed (18) . To explore the DEGs associated with miR-124-3p in HCC, GEO profiles were searched with the terms 'HCC AND miR-124-3p' and a gene set (GSE6207) investigated miR-124-3p transfection in the HepG2 cell line was identified. The effects in the miR-124 overexpression group with the negative control group were subsequently compared by assessing fold change (FC), to identify downregulated genes and potential miR-124 targets (FC <0.95 were selected). The GSE6207 dataset (25) was retrieved to explore the mechanism by which miR-124-3p may be involved in hepatocarcinogenesis.
In silico analysis of target genes of miR-124-3p. Predicted targets of miR-124-3p and its target sites were analyzed using miRWalk2.0 (http://zmf.umm.uni-heidelberg. de/apps/zmf/mirwalk2/) (26) , which combines 12 existing miRNA-target prediction programs (miRWalk, Microt4, miRanda, miRbridge, miRDB, miRMap, miRNAMap, Pictar2, PITA, RNA22, RNAhybrid and TargetScan) to provide comprehensive potential targets for miR-124-3p. The genes contained in >5 prediction software programs were selected in order to obtain more reliable targets.
NLP. NLP is a novel computerized approach to analyze text in order to achieve human-like language processing. Under this approach, programmers create software to 'read' the text and extract key pieces of information from clinical notes, procedures, radiology or pathology reports and laboratory results (27, 28) . A literature search was performed in PubMed to obtain all associated electronic records. The literature search queries were as follows: (hepatocellular carcinoma) AND (resistance OR prognosis OR metastasis OR recurrence OR survival OR carcinogenesis OR sorafenib OR bevacizumab) and ['1980 /01/01' (PDAT): '2015/05/25' (PDAT)]. Subsequently, all pertinent molecules were retrieved and a list was generated, primarily comprising proteins and genes. Gene mention tagging was conducted with A Biomedical Named Entity Recognizer (ABNER; http://pages.cs.wisc.edu/~bsettles/abner/). ABNER also assisted in conjunction resolution. Gene name normalization conformed to the standard names in the Entrez database provided by NCBI (https://www.ncbi.nlm.nih.gov/gene/). Finally, statistical analysis was performed; P<0.01 was considered to indicate a statistically significant difference, as previously described (29, 30) . The P-value of a certain HCC-related gene was calculated with the following formula:
Where N indicates all the eligible studies, m is the frequency of the related genes, n is the frequency of HCC and k is the co-occurrence of HCC and a certain gene.
Construction of protein-protein interaction (PPI) networks.
Overlapping genes were placed into the Search Tool for the Retrieval of Interacting Genes/Proteins (STRING; version 10.0; http://string-db.org/) to construct the PPI network. The direct (physical) and indirect (functional) associations between the proteins were identified using four methods: Literature-reported protein interactions, high-throughput experiments, genome analysis and prediction, and co-expression studies. A node with a degree of high connectivity was perceived as a hub node. By scrutinizing the connectivity degrees of the nodes in the PPI networks, the hub genes were determined. Subsequently, the expression of hub genes identified from PPI networks were calculated with TCGA data. Firstly, the publicly available RNA-seq data of the mRNA level of Liver hepatocellular carcinoma (LIHC) samples were downloaded directly from the TCGA data portal (https://tcga-data.nci.nih.gov/tcga/tcgaHome2.jsp) via bulk download mode [LIHC (cancer type), RNASeqV2 (data type), level 3 (data level)]. Then the relative expression of these hub genes were extracted and calculated on a log2 scale to investigate the potential targets of miR-124-3p in HCC. The immunohistochemical data of most potential targets of miR-124-3p were downloaded from The Human Protein Atlas (http://www.proteinatlas.org/).
Functional and signaling pathway analyses. Further functional and signaling pathway analyses were performed on a set of condition-specific genes, those that overlapped in the GEO database, target prediction software and NLP. The functional and signaling pathway analyses of the selected DEGs was performed on a public database platform; the Database for Annotation, Visualization and Integrated Discovery (DAVID; https://david.ncifcrf.gov/), which provides a functional interpretation of large lists of genes derived from genomic studies. The analyses also included Gene Ontology (GO) function analysis (http://www.geneontology.org/), Kyoto Encyclopedia of Genes and Genomes (KEGG) (http://www. genome.jp/kegg/) analysis and Protein Annotation Through Evolutionary Relationships (PANTHER) pathway analysis (http://www.pantherdb.org/). GO function analysis categorized the selected genes into groups, in accordance with the following three independent classification standards: Biological process (BP), cellular component (CC), and molecular function (MF). A Benjamini P-value of <0.05 was used to indicate a statistically significant difference in the above pathway enrichment analyses. The results were visualized as three GO maps using Cytoscape version 3.4.0 (http://cytoscape.org/). Subsequently, the pathway with the top priority was selected for further evaluation and the most significant aberrantly expressed genes were examined for their prospective diagnostic and prognostic value. The top 30 enriched pathways of KEGG were visualized using the ggplot2 (version 2. Statistical analysis. SPSS 22.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. All data are presented as the mean ± standard deviation. The receiver operating characteristic (ROC) curve was drawn to identify the diagnostic significance of miR-124-3p and clinical parameters. The criteria for assessing the area under the ROC curve (AUC) were as follows: 0.5-0.7, poor evidence for diagnosis; 0.7-0.9, moderate evidence for diagnosis; 0.9-1.0, high evidence for diagnosis. The correlations between miR-124-3p expression and clinicopathological parameters were determined using Spearman's rank correlation. Significant differences between HCC and non-cancerous liver tissues were analyzed using the Student's t-test. The significant differences amongst three groups was examined using one-way analysis of variance. Since no significant differences were identified, no post-hoc test was performed. A box-whisker plot was generated to demonstrate miR-124-3p expression from all GEO datasets using GraphPad Prism (version 5.0; GraphPad Software, Inc., La Jolla, CA, USA). RFS was assessed using the Kaplan-Meier method as well as Cox Regression and the log-rank test was performed to compare survival times. Kaplan-Meier survival curves were drawn to evaluate the association between miR-124-3p expression and the survival rate of 101 patients with HCC. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of miR-124-3p in HCC tissues and its association with clinical parameters.
RT-qPCR analysis of miR-124-3p expression in 101 HCC and adjacent non-cancerous tissues revealed that the relative expression of miR-124-3p in HCC tissues was 2.4439±1.54599, which was significantly reduced compared with expression in the adjacent non-cancerous liver tissues (3.5279±1.82462; P<0.001). The AUC of the low miR-124-3p levels for HCC diagnosis was 0.691 (95% CI, 0.618-0.763; P<0.001; Fig. 1) , with a cut-off value of 3.30, which indicated that miR-124-3p is a poor diagnostic marker for HCC. The expression of miR-124-3p in HCC samples with a single tumor node was significantly increased (2.7356±1.73799) compared with those with multiple tumor nodes (2.0659±1.16857; P= 0.030). Compared with advanced stage HCC, the relative expression of miR-124-3p in early stage patients was markedly increased (stage I and II, 3.4600±1.97104; stage III and IV, 2.1096±1.21910; P=0.003). Spearman's rank correlation analysis revealed a correlation between miR-124-3p and clinical stage (r=-0.305; P=0.002). The clinicopathological parameters of the 101 HCC patients are presented in Table I .
Expression of miR-124-3p is correlated with the prognosis of patients with HCC.
Kaplan-Meier analysis and Cox Regression were performed in order to determine the prognostic role of miR-124-3p. The follow-up information of 70 patients was obtained. In total, 44 patients exhibited low miR-124-3p expression (mean, <2.9859), while 26 patients exhibited high expression. The median survival time of the low miR-124-3p expression group was 57.00 months which was significantly reduced compared with that of the high expression group (the survival rate at each time point was >50%). The RFS rate was significantly reduced in the low miR-124-3p expression group compared with the high expression group (P= 0.001; Fig. 2) . The Cox Regression also demonstrated a hazard ratio of 0.069 (95%CI, 0.009-0.552; P= 0.012).
Expression of miR-124-3p in eight GEO datasets and previous reports.
To confirm the RT-qPCR results of the present study, GEO datasets were searched to compare the expression of miR-124-3p between HCC and non-cancerous tissues. miR-124-3p expression levels in all seven microarray chips [GSE57555 (19) , GSE41874 (https://www.ncbi.nlm. nih.gov/geo/query/acc.cgi?acc= GSE41874), GSE40744 (20) , GSE21362 (21) GSE20077 (22), GSE12717 (23) and Table I . Association between miR-124-3p and clinicopathological parameters in hepatocellular carcinoma.
Relative miR-124-3p
Spearman's expression (2 GSE31383 (24)], including 119 HCC and 124 non-cancerous tissues, were presented in Fig. 3 . A recurrence [GSE64989 (31)] and two invasive datasets (GSE67139 and GSE67138) were also presented. Student's t-test revealed that miR-124-3p was significantly reduced in HCC compared to normal control samples with GSE 40744 data. While no significant difference could be found in other datasets. The seven datasets and RT-qPCR data from the present study were further analyzed by a meta-analysis, in which standardized mean differences (SMD) with a 95% CI [SMD and 95% CI, 0.01 (-0.38-0.40)] from selected datasets were pooled. However, no significant differences were observed between the HCC and non-cancerous liver groups (data not shown). Literatures review searching obtained four reliable studies. The PubMed literature search revealed that miR-124-3p expression in HCC was reduced compared with that in adjacent non-cancerous liver tissues, which was consistent with the results obtained in the present study (pooled P-value of four studies, P=1.05x10 -10 ).
Potential targets of miR-124-3p in HCC.
To identify potential targets of miR-124-3p, GEO profiles were searched and gene chip data were downloaded such that the targets and functions of miR-124-3p could be analyzed. The fold-change (FC) between the miR-124 transfection group and the negative control group was subsequently calculated and FC values <0.95 were selected; a total of 4,261 mRNAs were attained following duplicate exclusion. The prediction process was then performed online using the miRWalk 2.0, which contained 12 computational algorithms. To increase the reliability of the present study, 3,902 mRNAs that appeared in ≥5 prediction software programs were screened, and any duplicates were excluded. Additionally, the titles and abstracts of 64,577 studies were included through the use of NLP data and text mining tools and a total of 1,800 HCC-associated genes were subsequently identified. The potential target mRNAs of miR-124-3p in HCC were determined by combining the predicted targets obtained using the three methods described earlier. In total, 132 mRNAs (Table II) were selected for PPI network analysis, GO analysis, KEGG pathway annotation and PANTHER pathway analysis, in order to identify the genes largely representative of the prospective molecular mechanism of miR-124-3p in HCC. A flow chart demonstrating the aforementioned process is presented in Fig. 4 . Table II Analysis of PPI networks. The influence of multiple genes, interacting through a signaling pathway, on cellular function is more significant than the influence of a single gene. Therefore, a PPI network was constructed with 132 genes imported into the STRING software. Consequently, a total of 109 nodes and 386 edges were involved in the constructed network. Furthermore, 20 key genes with >10 nodes were identified, including mitogen-activated protein kinase 1 (MAPK1), MAPK14, early growth response 1 (EGR1), phosphatidylinositol-4,5-biphosphate 3-kinase catalytic subunit α (PIK3CA), RELA proto-oncogene, nuclear factor κ B subunit (RELA), SOS Ras/Rac guanine nucleotide exchange factor 1 (SOS1), SMAD family member 4 (SMAD4), erb-b2 tyrosine kinase 2, cyclin dependent kinase 2 (CDK2), ETS proto-oncogene 1, transcription factor (ETS1), Sp1 transcription factor (SP1), MYB proto-oncogene, transcription factor, fibroblast growth factor receptor 1 (FGFR1), AKT serine/threonine kinase 2 (AKT2), aurora kinase A, CDK4, FGFR2, SMAD5, MAPK10 and cell division cycle 25B. A total of 23 genes and proteins acted independently. PPI networks are presented in Fig. 5 . In order to further study the potential role of miR-124-3p and the 20 key genes identified in HCC, the literature was reviewed and validated prediction software was searched. The target genes that had been validated by a luciferase report assay were subsequently determined. The results revealed that MAPK14, EGR1, RELA, CDK2, CDK4, ETS1, SOS1 and SP1 were upregulated following miR-124-3p knockdown. GSE22058 data were also mined to examine the genome-wide expression profiles of miRNAs and mRNAs of 96 HCC samples and their adjacent non-cancerous liver tissues. This revealed that EGR1 and ETS1 were negatively correlated with miR-124-3p expression (Fig. 6) . Additionally, validation of the association between miR-124-3p and the 20 identified key genes based on TCGA data was attempted, but insufficient data was available.
Validation of potential target gene expression based on
TCGA with data from The Human Protein Atlas. Based on the literature review and prediction software search, 11/20 key genes identified by the PPI network were selected for further analysis, namely MAPK14, EGR1, RELA, PIK3CA, SOS1, SMAD4, CDK2, CDK4, ETS1, SP1 and AKT2. The relative expression of these 11 genes calculated with TCGA data revealed that no significant differences were detected in the expression of PIK3CA, SMAD4 and AKT2 between the HCC and adjacent non-cancerous liver tissues. EGR1 and ETS1 were downregulated in the HCC tissues when compared with adjacent non-cancerous tissues (data not shown). Notably, MAPK14, RELA, SOS1, CDK2, CDK4 and SP1 were significantly overexpressed in liver cancer tissues, compared with expression in adjacent liver tissues (P<0.01).
The protein expression of the six aforementioned genes was also collected, as they were more likely to be direct miR-124-3p targets. The immunohistochemical data downloaded from The Human Protein Atlas revealed that all these genes were overexpressed in HCC tissues, with the exception of SOS1, which was also positively stained in normal tissues. Therefore, MAPK14, RELA, CDK2, CDK4 and SP1 were considered direct targets of miR-124-3p in HCC. Expression profiles of the five mRNAs with their corresponding immunohistochemical results are presented in Fig. 7 .
Functional and signaling pathway analyses. The 132 identified genes were classified into three GO categories using the Figure 7 . Overexpression of five potential target genes of microRNA 124-3p in HCC, based on TCGA and The Human Protein Atlas data. The TCGA RNAseq profiles of HCC were extracted to explore the relative expression of (A) MAPK14, (B) RELA, (C) CDK2, (D) CDK4 and (E) SP1 in HCC and adjacent non-cancerous liver tissues. Immunohistochemical data was downloaded from The Human Protein Atlas. TCGA, The Cancer Genome Atlas; HCC, hepatocellular carcinoma; MAPK14, mitogen-activated protein kinase 14; RELA, RELA proto-oncogene, nuclear factor κB subunit; CDK2, cycle dependent kinase 2; CDK4, cycle dependent kinase 4; SP1, SP1 transcription factor. online analysis tool DAVID. The BP genes exhibited significant enrichment in the regulation of cell proliferation (GO, 0042127; P=1.71x10 -10 ), positive regulation of cellular biosynthetic processes (GO, 0031328; P=1.86x10 -10 ) and positive regulation of biosynthetic processes (GO, 0009891; P=2.57X10 -10 ). Among the CC genes, the top three functional items were cell leading edge (GO, 0031252; P=4.06x10 -7 ), cytosol (GO, 0005829; P=1.12x10 -5 ) and cell projection (GO, 0042995; P=1.18x10 -5 ). Among the MF genes, the most clustered GO terms were protein kinase activity (GO, 0004672; P=4.92x10 -7 ), transcription activator activity (GO, 0016563; P=8.83x10 -5 ) and enzyme binding (GO, 0019899; P=2.77x10 -4 ). Three visualized GO maps (BP, CC and MF) were drawn by EnrichmentMap, a Cytoscape v3.4.0 plug-in. In the enrichment map, the number of nodes and edges of the three GO categories was: BP, 72 and 1366; CC, 41 and 461; MF, 18 and 92, respectively (Fig. 8) . The top 10 categories for 3 GO terms are presented in Table III. KEGG pathway enrichment analysis revealed that pancreatic cancer (hsa05212; P=6.80x10 -8 ), prostate cancer (hsa05215; P=5.28x10 -7 ), non-small cell lung cancer (hsa05223; P=9.25x10 -7 ), chronic myeloid leukemia (hsa05220; P=1.16x10 -6 ) and pathways in cancer (hsa05200; P=3.64x10 -6 ) had the most significant enrichment. The top 30 enriched pathways were presented using the ggplot2 (version 2.2.1) package of R/Bioconductor (version 3.4.2) Project for Statistical Computing (https://www.r-project.org/), a free software environment for statistical computing and graphics (32) (Fig. 9) .
Regarding the PANTHER pathway, the following three terms were identified as the most significant: Angiogenesis (P00005; P=1.78x10 -7 ), epidermal growth factor receptor signaling pathway (P00018; P=1.54x10 -6 ), and FGF signaling pathway (P00021; P=4.32x10 -5 ). The top 10 categories for KEGG and the PANTHER pathway are presented in Table IV .
Discussion
The occurrence and development of HCC is a multistep process that involves the activation of tumor oncogenes and/or the inactivation of tumor suppressor genes. These factors are of vital importance for the design of effective therapeutic strategies for the treatment of HCC. Given that the prognosis of advanced HCC remains poor regardless of improvements in innovative therapeutic approaches, the development of a more effective method of diagnosis and therapy and/or a novel biomarker for early stage HCC is urgently required. Previous studies have demonstrated the crucial involvement of miRNAs in carcinogenesis (33) (34) (35) . The function of miRNAs in hepatocarcinogenesis has also been assessed. The ectopic expression of several miRNAs has been detected in HCC, including miR-21, miR-542-5p, miR-29, miR-140-5p, miR-221 and miR-490-3p. Previous studies have also reported low miR-124 expression in HCC (2, 10, 36, 37) , prostate cancer (38) , breast cancer (39), gastric cancer (40) and pancreatic cancer (41) . In line with the results of previous studies, the present study demonstrated that miR-124-3p was downregulated in HCC and that its downregulation was significantly associated with certain clinical characteristics, including the TNM stage. Additionally, the data 3.37x10 -7 3.08x10 indicated that miR-124-3p expression is positively associated with RFS in patients with HCC (P= 0.012). Meta-analysis of GEO data only, and meta-analysis of GEO data plus in-house PCR revealed no significant difference of miR-124-3p between HCC and non-cancerous liver groups. Certain chips contained fewer HCC samples than non-cancerous samples, while other chips contained more HCC samples than non-cancerous samples. Additionally, technology may be another cause of this difference. For example, amongst the data included here, certain parts were detected using gene chip technology, while a number were detected by PCR. Conversely, seven microarrays come from different platforms, which is another reason to cause the difference. TCGA was used in order to validate the downregulation of miR-124-3p, but this was unsuccessful due to the lack of available data. miRNAs are a class of short endogenous non-coding RNAs that inhibit gene expression by either degrading mRNA or repressing mRNA translation. Theoretically, there are hundreds of potential targets for a single miRNA. Previous studies have demonstrated that miRNAs modulate a wide variety of targets, indicating that a single miRNA may regulate cancer progression in multiple steps by targeting numerous genes. Zheng et al (37) reported that miR-124 inhibits epithelial-mesenchymal transition by inhibiting the mRNA and protein expression of ROCK2 and EZH2 in HCC. Lang and Ling (10) demonstrated that miR-124 inhibits cell proliferation by targeting PIK3CA in HCC. The literature search of the present study revealed that miR-124-3p acts via the regulation of CTGF, ITGB1, RhoG and ROCK1 expression. Recently, with the progression of high-throughput sequencing and bioinformatics, circular RNAs (circRNAs) have received increasing attention (42, 43) . Increasing evidence indicates that circRNAs may serve a major role in various types of cancer (44) (45) (46) , including HCC. Shang et al (47) identified hsa_circ_0005075 as a potential HCC biomarker involved in HCC development. Qin et al (48) and Xu et al (49) also demonstrated that circRNAs may serve as potential novel biomarkers in HCC. Notably, Zheng et al (50) performed RNA immunoprecipitation and luciferase screening, demonstrating that circHIPK3 may function as a sponge for miRNAs, including miR-12, as circHIPK3 is directly adsorbed Figure 9 . KEGG pathway analysis of microRNA 124-3p predicted target genes in hepatocellular carcinoma. Enrichment analysis was performed to identify pathways enriched in olfactory transduction using the ggplot2 (version 2.2.1) package of R/Bioconductor (version 3.4.2) Project for Statistical Computing (https://www.r-project.org/). KEGG, Kyoto Encyclopedia of Genes and Genomes. to miR-124 and suppresses its activation. In the present study, the target genes of miR-124-3p were explored by assessing the overlapping genes retrieved from GEO profiles, prediction software and NLP. A total of 132 potential target mRNAs of miR-124-3p in HCC were identified. Based on the prospective roles of circRNAs in human cancer, future studies should aim to further investigate the association between circRNA and miR-124-3p in HCC.
As the diagnosis of HCC at early stages is difficult, when patients were diagnosed with HCC, it is generally too late to remove the tumor with surgical excision. Various novel therapies for advanced HCC are being actively pursued, including molecular targeted therapy, systemic chemotherapy, immunotherapy and arginine deprivation therapy (51) . These treatment therapies are all involved in the molecular pathways of HCC development. Furthermore, the majority of the molecular targeted drugs currently being investigated are multi-targeted drugs. Therefore, it is crucial to elucidate the molecular pathogenesis of HCC. Following the prediction of potential target genes, functional and signaling pathway analyses were conducted. Additionally, enriched GO term, KEGG pathway and PANTHER pathway analyses of miR-124-3p target genes were performed. The results revealed that the predicted target genes of miR-124-3p involved 396 GO terms. The top-ranking terms all exhibited a large number of gene clusters, particularly in BP terms. KEGG pathway enrichment analysis demonstrated that the predicted target genes of miR-124-3p were concentrated in 41 signaling pathways, and the top ten signaling pathways were involved in the occurrence and development of several types of cancer. PANTHER pathway analysis indicated that the predicted target genes of miR-124-3p were concentrated in 14 terms, which were all involved in various molecular signaling pathways. Therefore, taken together with the results of previous studies, these observations suggested that miR-124-3p may target multiple genes and may function spatiotemporally or in combination with several diverse processes. For example, among the 14 terms of the PANTHER pathway, 'Angiogenesis', 'EGF receptor signaling pathway', 'FGF signaling pathway', 'VEGF signaling pathway' and 'PDGF signaling pathway' are all involved in angiogenesis. However, other target genes involved in 'B cell activation', 'Toll receptor signaling pathway' and 'T cell activation' indicated that immunological mechanisms may be the other factor that affected the genesis and the development of HCC. In addition, 'Ras pathway', 'Apoptosis signaling pathway' and 'P53 pathway' have also been predicted. Further research on the mechanisms of above pathway may be beneficial in the development of novel therapeutic agents against HCC.
In conclusion, it was confirmed that miR-124-3p was downregulated in HCC. Assessing the overlaps in GEO data, miR-124-3p predicted target genes and NLP, 132 reliable potential target genes of miR-124-3p were identified that may serve key functions in HCC. The pathway analysis results suggested that the functional characterization of the identified miR-124-3p targets will offer novel insight into the underlying molecular mechanisms that occur in HCC. Given the complexity of molecular pathway involvement, the mechanism of hepatocarcinogenesis requires further study with powerful analysis tools, as well as through the study of in vitro and in vivo models. The identified miR-124-3p target genes have the potential to be employed as innovative prognosticators and/or therapeutic targets for HCC.
